[ research report ] L ow back pain (LBP) frequently manifests during early adolescence, with 1-month prevalence rates reaching levels equivalent to those in adults (36%) by late adolescence. 28 While LBP may be minimal or transient, for some adolescents, it can be significant, in terms of consequences for well-being and function, and associated with care seeking, taking medication, time off school/work and sports, and functional limitations. 40, 61 Further, adolescent LBP is a significant risk factor for LBP later in life, 21, 23 which suggests that, for many, LBP may be a lifetime condition. A better understanding of the factors associated with the development of LBP in adolescence could inform underlying mechanisms associated with the development of the condition and inform strategies to reduce the burden associated with adolescent and adult LBP. 8, 21, 39 A broad range of factors associated with the development and persistence of adolescent LBP have been identified in longitudinal studies, but comparisons between these studies are complicated due to varying definitions of LBP 34 ; different factors measured, study settings, and target populations; different time points of data collection; and LBP not always being the primary outcome. Factors that have been associated with a greater risk of LBP during adolescence are detailed in the APPENDIX (available at www.jospt.org). Potential mechanistic links between these factors and LBP include influence over the direct load on spinal tissue, peripheral U U STUDY DESIGN: Prospective cohort study of the Western Australian Pregnancy Cohort (Raine) Study. U U BACKGROUND: Low back pain (LBP) commonly develops in adolescence and is a significant risk factor for adult LBP. A broad range of factors have been associated with the development of adolescent LBP, but prior literature has limitations related to characterization of LBP and the scope of risk factors considered.
U U OBJECTIVE:
This study aimed to identify potential factors contributing to the development of LBP, with and without impact, at 17 years of age, utilizing a broad range of exposures at 14 years of age.
U U METHODS:
Data from 1088 participants (52.1% female) with "no LBP," "LBP with minimal impact," and "LBP with impact" at 17 years of age and a range of measures from multiple domains, including spinal pain, physical, psychological, social, and lifestyle, at 14 years of age were collected for the study. Multivariable multinomial logistic regression was used to estimate the association of potential mechanistic factors at 14 years of age with LBP at 17 years of age.
U U RESULTS:
Female sex and back pain at 14 years of age were strongly associated with LBP at 17 years of age. Potential mechanistic factors for LBP outcomes at 17 years of age included exposures from the pain (neck/shoulder pain) and physical domains (standing posture subgroup membership, back muscle endurance, throwing distance), psychological domain (somatic complaints, aggressive behavior), social domain (socioeconomic area), and lifestyle domain (exercise out of school).
U U CONCLUSION:
The findings support the multidimensional nature of adolescent LBP and highlight the challenge this presents for epidemiological research, clinical practice, and prevention initiatives in the general population.
sensitization of spinal structures, central sensitization of ascending and descending pathways involved in the perception of pain, and/or influence of beliefs that drive LBP behaviors. 16 The limited number of high-quality prospective studies on adolescent LBP that include a broad range of multidimensional factors in large-scale epidemiological cohorts have identified factors including smoking, reduced leg muscle flexibility, conduct and relationship problems, smaller stature, and widespread pain as being associated with the development or persistence of LBP in adolescence. 14, 24, 25 Importantly, the impact of LBP is either not considered or is poorly characterized in these studies. Consideration of the impact of LBP allows for examination of risk factors associated with the burden of LBP. Because of these limitations, it is still unclear which factors are important for the development of LBP with impact.
The aim of this study was, therefore, to identify potential mechanisms for LBP, with and without impact, at 17 years of age in the longitudinal Western Australian Pregnancy Cohort (Raine) Study, utilizing a broad range of exposures assessed at 14 years of age. The motivation for the study was to use this broad and rich data set to identify potential etiological factors for further investigation with more complex pathway models.
METHODS

Design
T
his was a prospective observational study of data from the longitudinal Western Australian Pregnancy Cohort (Raine) Study, 58 with follow-ups conducted at 14 and 17 years of age (FIGURE 1).
Participants
This prospective study included participants in the Raine Study (www.rainestudy.org.au), as part of a pregnancy cohort between 1989 and 1992, assessed at 14 years of age (n = 1608) and 17 years of age (n = 1307). The Raine Study cohort was assessed on 15 separate occasions: at 18 and 34 weeks of gestation, at birth, and at 1, 2, 3, 5, 8, 10, 14, 17, 18, 20, 22 , and 27 years of age. In terms of educational attainment, labor force status, occupation, income levels, family structure, area of residence, socioeconomic index of relative advantage and disadvantage, and place of birth of parents/carers, the Raine Study participants remain broadly representative of the Western Australian population of similar age. Similarly, the participants and nonparticipants at each follow-up generally remained constant across a number of infant characteristics. 58 Full details of follow-up and attrition, design and measures, and funding and representativeness have been published recently. 58 Ethical approvals were granted by the Curtin University Human Research Ethics Committee and the Western Australia Department of Health Ethics Committee. Consent was obtained from the adolescents' guardians.
LBP at 17 Years of Age
Around the time of their 17th birthday, adolescents completed a paper questionnaire covering a range of issues, including musculoskeletal pain. The experience of LBP in the last month at 17 years of age was determined from a question based on the Nordic Musculoskeletal Questionnaire, 30 specifically, "Has your low back been painful at any time in the last month?" The Nordic Musculoskeletal Questionnaire has acceptable reliability and validity compared to clinical interviews. 26 The impact of LBP was defined as the sum of 5 LBP-related behaviors related to care seeking, medication use, absenteeism, and activity interference. It was determined from 5 questions specifically asking participants whether their LBP had ever been associated with seeking professional advice or treatment, taking medication, missing school or work, interference with normal activities, or interference with recreational physical activity. 40 These questions have been previously used to assess the negative impact of LBP. 40 Participants were categorized as having no LBP, LBP with minimal impact (LBP in the last month with no or 1 impact), or LBP with impact (LBP in the last month with 2 or more impacts).
Measures at 14 Years of Age
Factors from multiple domains were selected based on their potential to influence the experience of LBP in adolescence, existing evidence for associations Adolescents completing physical examination and questionnaire at age 14, n = 1608
Maximum used in analysis, n = 1088
Nondisabling LBP, n = 183 No LBP, n = 735
Disabling LBP, n = 170
Adolescents completing questionnaire at age 17, n = 1307
Raine Study live births, n = 2868
Adolescents with both spinal pain data at age 17 and data at age 14, n = 1088 [ research report ]
with adolescent LBP (APPENDIX), evidence for associations with generalized musculoskeletal pain in adolescence (eg, hypermobility 57 ), or evidence of associations with LBP in adulthood (eg, back muscle endurance 42 ). Around the time of their 14th birthday, adolescents completed a questionnaire on a laptop at the assessment center, with a research assistant close by to provide assistance if needed. Physical assessment was carried out after completion of the questionnaire by graduate research assistants, who completed standardized initial training and were monitored for consistency.
Spinal pain at 14 years of age was determined from questions based on the Nordic Musculoskeletal Questionnaire, to establish the experience of back pain and neck/shoulder pain in the last month. 30 Specifically, the questions were, "Has your back been painful in the last month?" and "Has your neck/shoulder been painful in the last month?" Physical factors included standard measures of height and weight, from which body mass index was calculated. Posture was assessed via sagittal photography, as previously described. 46 Standing lumbar posture was categorized as neutral, flat, sway, or hyperlordotic, based on a cluster analysis in this cohort. 55 For this study, nonneutral (flat, sway, and hyperlordotic) standing postures were pooled during analysis on the basis of patterns of risk. Posture in sitting was represented by trunk flexion angle and lumbar flexion angle. 43 Joint hypermobility was measured using the 9-point Beighton scoring system. 6 Additionally, a global measure of back and hamstring flexibility was recorded from a sit-and-reach test. 19 Trunk muscle endurance included the BieringSørensen test for the back extensors 36 and number of sit-ups for the flexors. 51 Motor competency was assessed with the McCarron Assessment of Neuromuscular Development. 32 The test consists of 10 items, with scores converted to age-and sex-specific scaled scores. 19 Aerobic fitness was assessed with the Physical Work Capacity 170 test 13 to estimate maximal aerobic capacity. Methods for these measures in this cohort, including support for their reliability and validity, have been reported. 19, 37, 56 Multiple psychological indices were used in this analysis. The Perceived SelfEfficacy Scale developed by Cowen et al 11 is a 22-item scale that measures confidence to manage a variety of common situations, with lower scores indicating less self-efficacy. The Beck Depression Inventory for Youth 5 is a 20-item scale used to assess depressed mood in adolescents, with higher scores indicating greater depressed mood. Adolescents also completed the Youth Self-Report, a self-report measure of a range of adolescent behavioral and emotional problems, 2 with 118 items divided into 8 subscales: somatic complaints, anxious/depressed, withdrawn, aggressive behavior, rulebreaking behavior, social problems, thought problems, and attention problems. Higher scores indicate more behavioral problems. Raw scores were used for the analysis, as recommended by Achenbach 1 for research involving distinctions between children with mild symptoms. Use of these measures in this cohort, including support for their reliability and validity, has been reported. 48, 50, 56 Social factors were obtained from a questionnaire completed by the primary carer (defined as the person who most provides care and support for the adolescent). This included standard questions of education of the primary and secondary carer, ethnicity (Caucasian versus others), and family income. The Socio-Economic Indexes for Areas Index of Relative SocioEconomic Advantage and Disadvantage at the Census Collection District level was used as an additional measure of socioeconomic status. 3 Family functioning was determined with the McMaster Family Assessment Device. 35 Primary carers were asked whether they had experienced any of 10 major life stress events, selected from the 67-item life stress inventory developed by Tennant and Andrews. 60 These were pregnancy problems, death of a close friend or relative, separation or divorce/ marital problems, problems with children, job loss (involuntary), partner's job loss (involuntary), money problems, residential problems, and residential move. Primary carer report of back pain was determined from questions based on the Nordic Musculoskeletal Questionnaire ("Have you ever had back pain?''). Use of these measures in this cohort, including support for their reliability and validity, has been reported. 44 Lifestyle indices used included television 49 and computer usage 18 per week, with both categorized as not at all, up to 7 hours, 7 to 14 hours, 14 to 21 hours, or 21 hours or more. Exercise frequency outside school hours 49 was categorized as once a month or less, once a week, 2 to 3 times a week, 4 to 6 times a week, or every day. Smoking and alcohol use were assessed on a dichotomous scale in response to the question, "Have you used alcohol/cigarettes in the past 12 months?" 31 Diet was measured by the Food Frequency Questionnaire, a semiquantitative assessment developed by the Commonwealth Scientific and Industrial Research Organisation in Australia, 4 completed at home by the primary carer in association with the adolescent. This analysis used 2 factors derived from the food group data, representing "healthy" and "western" dietary patterns. 47 Use of these measures in this cohort, including support for their reliability and validity, has been reported. 47, 56 Other factors included subject sex and pubertal stage. Pubertal stage was determined by self-rated Tanner stages of pubertal development. 59 For a short period during the follow-up, 334 individuals (170 girls and 164 boys) were shown Tanner stage diagrams in which there was ambiguity in the labeling, and data were treated as missing for this variable in these cases.
Statistical Analysis
Participants who attended follow-up at 14 years of age, and who reported LBP status and impact at 17 years of age, were included in the analysis. Stata/IC 13.1 for Windows (StataCorp LLC, College Station, TX) was used for all analyses. Multinomial logistic regression was used to estimate the association of exposures at 14 years of age with LBP outcome at 17 years of age. We considered LBP outcomes using a multinomial logistic regression model rather than an ordinal model of count of LBP impacts, as the assumption of proportional odds necessary for ordinal logistic regression was violated for many variables. Sex and report of back pain at 14 years of age were identified as strong and interacting exposures related to LBP outcome, and consideration of further exposures was performed as follows: (1) a 4-category combination variable representing sex and back pain at 14 years of age was included in further analyses; (2) each exposure variable was evaluated separately in a logistic regression model adjusted for sex and back pain at 14 years of age to assess main effects, interaction effects with sex and back pain at 14 years of age, and linearity of effects. If nonlinearity was detected, variables were recategorized to capture the pattern of change in odds. Residual diagnostics were examined to detect outlying covariate patterns with undue influence on the model. Odds ratios (ORs) with associated 95% confidence intervals (CIs) and P values were estimated for each exposure and considered to be statistically significant at α<.05. For each exposure, analysis was conducted on an observed-case basis. Sensitivity analysis using multiple imputation was conducted for an exposure in which significant results were detected and more than 10% of data were missing. (3) A post hoc multivariable, multinomial analysis was performed in which all exposures identified as statistically significant in step 2 were included in 1 model, and thus the estimate for each exposure was adjusted for potential confounding effects on the others. This study adopted an etiological rather than a predictive framework. In keeping with the recommended distinction between studies of etiology and prediction, 20 the aim of identifying potential mechanisms for the development of LBP with impact, and the complexity of the system under consideration, a single final multivariable "predictive" regression model was not developed from the set of exposures identified as potentially important.
RESULTS
O
f the 1088 participants with both 14-and 17-year data, at 17 years of age, 735 (67.6%) reported that they had not experienced LBP in the last month (no LBP), 183 (16.8%) reported an experience of LBP in the last month with no or 1 impact (LBP with minimal impact), and 170 (15.6%) reported an experience of LBP in the last month with 2 or more impacts (LBP with impact). TABLE 1 presents descriptive statistics of all exposure variables by "no LBP" and "LBP with minimal impact" and "LBP with impact" groups.
Preliminary analysis of the association between sex and an experience of back pain in the last month at 14 years of age showed that both female sex and report of back pain at 14 years of age were significantly associated with LBP at 17 years of age, and that there was a significant interaction between these 2 factors (TABLE 2). FIGURE 2 displays the interaction between female sex and back pain at 14 years of age graphically, showing the high probability for LBP with impact at 17 years of age in adolescent girls reporting back pain at 14 years of age. After adjusting for sex and back pain at 14 years of age, there were statistically significant overall differences between LBP groups for exposures from the pain domain (neck/shoulder pain), physical domain (standing posture subgroup membership, back muscle endurance, throwing distance), psychological domain (somatic complaints, aggressive behavior), social domain (socioeconomic area), and lifestyle domain (exercise out of school) ( 
DISCUSSION Principal Findings
T he current study found that exposures from multiple domains were associated with LBP with impact at 17 years of age after adjusting for sex and back pain at age 14, and also after adjusting for potential confounding by other variables significantly associated with the outcome. Based on the magnitude of 
Strengths and Weaknesses in Relation to Other Studies
In contrast to most prior studies, the strengths of the current study were the consideration of multiple domains, the characterization of LBP with impact, the longitudinal design over a critical period for the development of LBP, and robust statistical analysis. A limitation of the current study was the fact that LBP was only captured at 2 time points 3 years apart, thereby limiting the understanding of changing pain trajectories, fluctuations in risk factors, or temporal pathways involving combinations of risk factors. 12 Furthermore, the methods used in this study sought to identify common risk exposures across the cohort but were unable to identify clusters of exposures that may be relevant for different individuals. Analyses did not control for factors at 17 years of age that may be associated with LBP at 17 years of age or comorbid health conditions, and were limited to variables available in the Raine Study. Capture of physical activity was limited, and future studies should use objective measures of activity to further clarify the relationship between physical activity and LBP. As this study tested multiple exposures, there is a chance that type I errors may have occurred. Etiological models are often required to be complex, and a model of etiology concerning a particular exposure will necessarily consider confounder, mediator, and moderator variables specific to the relationship between the potential exposure under investigation and the outcome. The broad range of factors considered in this preliminary study precluded the development of complex models for each exposure identified in TABLE 2, and the study may also be limited by unmeasured confounding. However, the motivation for the study was to use this broad and rich data 
Meaning of the Study: Possible Explanations
Having a history of back pain as a risk factor for future back pain is consistent with other studies, 22,24,52 potentially related to ongoing sensitization of the components of the nervous system involved in pain perception and memory. 16 That a stronger effect of prior back pain was observed in adolescent girls is consistent with these previous studies, in which adjustments for sex were made. 24, 52 The interaction of sex differences and pain is likely to be complex, not just in terms of genetics but also neurophysiological, hormonal, and psychosocial factors. 17 Neck/shoulder pain at 14 years of age was identified as increasing the odds for LBP, with and without impact, highlighting that for many people, LBP is comorbid with other pain areas, as previously reported. 24, 33 This supports the view that LBP in these cases may be part of a clinical presentation of widespread pain rather than a local tissue disorder.
Three factors from the physical domain were weakly associated with LBP groups at 17 years of age. Our previous work identified a cross-sectional relationship between nonneutral standing posture subgroups and LBP at 14 years of age. 53 It has been proposed that these postural subgroups are associated with altered postural muscle and loading strategies, which may interact with other factors to sensitize the spine. 41, 53 Our previous work did not find a crosssectional relationship between LBP at 14 years of age and deficits in back muscle endurance in this cohort. 56 However, the finding that poor back muscle endurance increased the odds for LBP with impact at 17 years of age is consistent with other studies, suggesting that reduced muscle endurance may have implications for spinal loading. 38, 45 Throwing distance has not previously been reported as a risk factor for LBP and may reflect generalized physical capacity and strength of an individual, although differences between groups were small and are unlikely to be clinically meaningful. Other physical factors previously considered to be important risk factors for back or other musculoskeletal pain, such as joint hypermobility and sitting posture, were not related to LBP, with or without impact.
In the psychological domain, measures of aggressive behavior and somatic complaints at 14 years of age were both weakly associated with LBP with and without impact at 17 years of age, and 12 There is now broad acceptance of the role of psychological factors in the development and maintenance of pain disorders via underlying neurophysiological/inflammatory processes that contribute to sensitization of musculoskeletal structures and somatic complaints. 16 Psychological factors are also known to influence behaviors such as activity, school and work avoidance, and care seeking, 54 consistent with the impacts associated with LBP in this study.
The lifestyle domain was also represented, with increased exercise out of school weakly associated with LBP with impact at 17 years of age, a finding consistent with other longitudinal studies. 9, 22, 25, 29 This may relate to loading exposures on the musculoskeletal system, which has been reported as a risk factor for LBP during adolescence. 45 Studies have also shown that physical loading may increase LBP risk when combined with psychological factors.
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Meaning of the Study: Implications for Clinicians and Policy Makers
In terms of policy implications for public health prevention, currently there is a lack of strong evidence for successful preventative programs for adolescent LBP, 8 and identification of risk groups may help to direct prevention efforts. This study indicates that multiple factors are likely to play a role; therefore, prevention efforts targeting multiple domains will probably be needed to achieve an impact. Given the current lack of strong, replicated support for modifiable, contributing factors at a population level, efforts may be better directed toward identifying risk groups and targeting behaviors such as school and work absenteeism and functional limitations. For example, adolescent girls with LBP at 14 years of age appear to be at higher risk for pain at 17 years of age, and thus interventions could target this group in early adolescence. Our previous work has shown that pain education, combined with targeted postural and endurance training specific to rowing, reduced LBP and associated disability in adolescent female rowers over a rowing season. 45 In terms of implications for clinical practice, the data show that adolescent girls with a prior history of LBP are vulnerable to LBP with impact at 17 years of age, and that screening for factors across domains should be considered as part of clinical assessment. While the results support the need for this approach at 14 years of age, it is reasonable to suggest that similar considerations would be valuable for management at 17 years of age as well. However, caution should be exercised regarding utilizing the findings of this study without replication of these findings in other cohorts.
Unanswered Questions and Future Research
While the importance of considering multiple domains is consistently supported across longitudinal studies in adolescents and adults, there is high variability in precisely which factors are identified within the pain, physical, psychological, social, and lifestyle domains. Variability across studies may relate to differences in which factors are considered and how those factors are characterized and measured. For example, genetic factors were not considered in the current study and are known to contribute to LBP. 27 Beliefs were also not considered and may be important prospectively, given the cross-sectional relationship between LBP and back beliefs shown in this cohort at 17 years of age. 54 An additional range of physical factors may be important for specific groups, such as adolescent athletes. Future research should focus on the use of robust methods to test causal connections.
Furthermore, the lack of consistency may relate to the complexity of LBP presentation (including fluctuations in the contribution of discrete factors across time) and thus the difficulty in capturing broad patterns of relationships across populations. Whether the application of alternate methodological frameworks, such as complexity theory, 7, 10 in larger data sets would provide deeper insight into the development and maintenance of pain disorders, including LBP, is unknown. However, the results of this study do provide knowledge for underpinning theoretical pathways for the development of LBP that can be tested more rigorously in future studies. For example, specific etiological models for exposures of interest that consider confounder, mediator, and moderator variables unique to the relationship between the particular exposure and outcome are recommended.
CONCLUSION
T
his study found that LBP with impact in late adolescence was strongly linked to the combination of female sex and history of LBP, but only weakly linked to a range of factors from multiple domains in early adolescence. This was despite consideration of a comprehensive range of potential risk factors. U
KEY POINTS FINDINGS:
Factors from pain, physical, psychological, social, and lifestyle domains measured at 14 years of age were found to be associated with low back pain (LBP) at 17 years of age. The combination of female sex and back pain at 14 years of age was strongly associated with LBP outcomes at 17 years of age, while other factors were only weakly associated. IMPLICATIONS: This study identified a range of factors from multiple domains associated with future LBP that can now be tested using robust methods to inform preventative strategies. CAUTION: While the importance of considering multiple domains is consistently supported across prospective LBP studies, there is high variability in precisely which factors may be identified as predictive, which may relate to the complexity of LBP and thus the difficulty in capturing broad patterns of relationships at a population level.
Caution should be exercised regarding utilizing the findings of this study without confirmation, using robust methods, to test specific causal connections. 
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